Since at present there is no effective medication to prevent cataract appearance or progression, the search for risk factors of cataract formation with the aim of prevention is meaningful.
Among several risks for cataract formation in human eyes 2), solar UV-exposure to the eye in particular has been considered as a possible important risk. In order to confirm UV action to the lens, both experimental and epidemiological studies are studies were performed in one area with limited subjects and no studies which aimed to confirm UV exposure as a risk for cataract formation have been performed by the same study group with the same methodology. Consequently, no exactly comparable studies with the above aim have been made until recently. During the last few years, the authors' group has fortunately had the occasion to perform cataract epidemiological surveys in several climatically different places in the world. The survey places are the main and southern islands of Japan, Iceland and Singapore. Although the studies introduced in this article are on going, a few of the survey's results are briefly described.
SUBJECTS AND METHODS
The subjects of the cataract epidemiological surveys per- anterior eye segment with and without pupil dilation and fundus examination. Non-contact specular microscopy of the corneal endothelium was also examined in the Singapore survey. Scheimpflug slit photographs of the anterior eye segment were taken under non dilated and maximum dilated pupil utilizing an anterior eye segment analysis system (Nidek EAS 1000) 11-12. Findings of the optic disc and macular area were taken by a stereo-scopic fundus camera (Nidek 3 -Dx / NM) under dilated pupil. The grading of cortical and subcapsular opacification followed the Japanese Cooperative Cataract Epidemiological Study Group System (JCCESG system) 13) . The grading of the nuclear opacification followed the Kanazawa Medical University System (KMU system) which is a modified version of the JCCESG system 14). Although the KMU system classifies a 4 step grading, to avoid confusion, grades III and IV were finally unified as grade III (Figure 1 ).
The assessment of lens opacification was done using Scheimpflug and retroillumination images. A few cases with non-analyzable images were judged by experienced examiners with the help of standard photos of the system. Grading of cataract through slit lamp was judged by fixed investigators The increasing pattern of lens opacification was divided into two groups. One group contained subjects from Singapore and Amami and the other contained subjects from Noto and Reykjavik. Similarities were seen among the subjects in the same group (Figure 3a) . The prevalence was significantly higher in the former than in the latter group. 2 -ii. The prevalence of lens opacification of grades II -III: % of progressed lens opacification showed a characteristic increase in each subject group. Among the four subject groups, those in Singapore showed the highest % and those in Reykjavik had the lowest (Figure 3b ). 3. The prevalence of two main types of lens opacification over grade II: Prevalence of cortical opacification was significantly lower in the Icelandic subjects than in the Noto, Amami and Singaporean groups (p<0.01). There was no significant difference between the latter three groups. The prevalence of nuclear opacification was significantly higher in the Amami and Singaporean subjects than in the Noto and Icelandic subjects (p<0.01). There was also a significant difference in the prevalence of nuclear opacification between the subjects in Amami and those in Singapore (p<0.01) (Figure 4) . 4 . The relationship between the history of time spent outdoors and cortical lens opacification in the Noto group was discussed in case (with lens opacification) and control (with transparent lens) studies. More than 5 hours spent outdoors daily in their 20s -30s, 40s -50s and at present showed a significant relative risk for the appearance of cataract in males (Table 2) .
DISCUSSION
In spite of general recognition that solar -UV rays have a harmful inversion effect on the ocular tissues, and on the lens in particular 16), research to prove the UV-scenario has not yet reached its goal. Although cataract is recognized as a top ranking eye disease related with blindness 1), effective treatment is limited to surgery. At present there is still no definite proposal on how to prevent cataract . This is why proving the scenario is important. According to meteorological data, yearly UV exposure in Noto is over 3 times that of Iceland. Amami and Singapore are 5 times and 8 times that of Iceland. From this point alone, the results obtained from each study are worth considering as they relate to the scenario of solar UVinduced cataract. The increasing patterns of lens opacification were roughly divided into three groups: Amami and Singapore, Noto and Reykjavik. Regarding rather progressed cases, the highest % of prevalence was seen in the subjects of Singapore and the lowest was seen in those of the Reykjavik group. It is epidemiologically significant that two Asian subject groups (Amami and Singapore) with similar climatical conditions of higher solar UV exposure showed a high prevalence of cataract.
The ambient UV level in Singapore, Amami and Noto was eight, five and three times that of Iceland. Furthermore, the time spent outside was longer in the Japanese subjects compared to the other two races (data not shown). From these points, the ocular exposure of UV irradiation might be significantly lower in Icelanders than in the other three groups. Although there was no difference in the prevalence of severe nuclear opacification in the Noto and Icelandic subjects, that of severe cortical opacification was significantly lower in the Icelanders compared to the other three groups. These findings might suggest the association between UV exposure and cortical cataract. The severe nuclear opacification was the highest in the Singaporeans followed by the Amami subjects. It was consistent with findings that the authors have reported on a high prevalence of nuclear opacification in Indonesian subjects 17). While the data of the epidemiological studies disproved the association between nuclear opacification and solar UV exposure 3,4,5,6), the authors would like to consider that the nuclear findings observed in Singapore and Amami are a characteristic phenomenon in subjects who live in tropical or subtropical places.
As a risk factor search study, several items regarding individual solar UV exposure have been investigated and the authors' data supported the hypothesis that long periods of time spent outside are a risk for cortical opacification 18). Several epidemiological studies also pointed out the UV exposure as a risk of cortical cataract 3, 4, 5, 6, 8) . Although the comparative study between Noto and the other subject groups is not yet completed, data from multi-survey places may give us useful information to establish preventative methods against UV induced ocular tissue damage.
